The objective of this study was to determine the relationships among daughter intramammary infections at first parturition and sire transmitting abilities for somatic cell score, udder type traits, productive life, and protein yield. Quarter milk samples from 958 daughters (in eight Pennsylvania herds and one Nebraska herd) of 182 Holstein sires were collected within a few days of first calving and cultured to determine intramammary infection status. A total of 446 cows had intramammary infections in 835 quarters at first parturition. Incidence of intramammary infections at first parturition and the proportion of quarters infected per cow were regressed on age at first calving, days in milk at sample collection, herd-season of calving (a classification variable), and sire transmitting abilities taken one at a time. Linear effects, non-linear effects, and odds ratios were estimated for sire transmitting abilities. Separate, preplanned analyses were conducted on data from one herd that gave all heifers an intramammary antibiotic infusion in each quarter 30 d prior to the expected calving date. Separate analyses were also conducted on dependent variables that considered intramammary infections at first parturition from: all organisms, coagulasenegative staphylococci, coliform species, streptococci other than Streptococcus agalactiae, and the most common environmental organisms (coliform species and streptococci other than Streptococcus agalactiae). Daughters of sires that transmit the lowest somatic cell score had the fewest intramammary infections at first parturition. Daughters of sires that transmit longer productive life, shorter teats, and closely spaced front teats had fewer intramammary infections at first parturition. Selection for lower somatic cell score, longer pro- Abbreviation key: CNS = coagulase-negative staphylococci, IIN = intramammary infection incidence, PL = productive life, PQI = proportion of quarters infected per cow, SNA = streptococci other than Streptococcus agalactiae, STA = standardized transmitting abilities.
INTRODUCTION
Mastitis has been estimated to cost US dairy farms approximately 10% of the total value of their milk sales, or nearly $2 billion dollars, each year (National Mastitis Council, 1996) . Improvements in management have reduced mastitis from contagious organisms, especially Streptococcus agalactiae (National Mastitis Council, 1996) . However, economic losses due to mastitis will continue because the dairy cow's environment contains causative organisms which cannot be eradicated (National Mastitis Council, 1996) . Economic losses may even increase because the genetic correlation between mastitis and milk yield is unfavorable (Schmidt and Van Vleck, 1965; Emanuelson et al., 1988; Shook, 1989; Shook, 1993; Rogers et al., 1998) . Consequently, selection for resistance to mastitis is needed to counteract the increased susceptibility to mastitis accompanying selection for milk yield. The relatively greater value of yield compared to mastitis resistance under current economic conditions dictates that yield should be emphasized much more heavily in selection programs than measures of resistance to mastitis. For example, the Net Merit index calculated by the Animal Improvement Programs Laboratory of USDA emphasizes yield approximately four times as much as measures of resistance to mastitis (VanRaden, 2000) .
Records of clinical mastitis occurrence are not readily available for most US dairy cattle. As a result, other selection criteria are needed to improve resistance to mastitis. Selection criterion under consideration include SCS, udder type traits, and productive life (PL).
Previous research has indicated that longer PL and desirable udder conformation are associated with lower SCC and decreased clinical mastitis (Seykora and McDaniel, 1986; Rogers et al., 1991; Rogers et al., 1998) . However, no study has examined the relationships between IMI at first parturition and PL or udder type traits.
Approximately 93% of the cows in the national DHIA milk recording program, representing 46% of all US dairy cows, have milk SCC recorded monthly (Wiggans, 2002) . Somatic cells in milk increase primarily due to the presence of mastitis causing organisms in the udder (Harmon, 1994) . However, it has been hypothesized that high SCC indicates difficulty in preventing mastitis pathogens from entering and colonizing the udder, rather than superior immune response to invading pathogens (Coffey et al., 1986) . Therefore, selection for lower SCS (a logarithmic transformation of SCC) may improve resistance to mastitis (Young et al., 1960; Coffey et al., 1986; Emanuelson et al., 1988; Shook, 1989; Philipsson et al., 1995; Rogers et al., 1998) .
Data on IMI at first parturition may help clarify the relationship between mastitis and SCS. The relationship between IMI at first parturition and SCS has not been studied extensively. This relationship is of interest because heifers have yet to experience milking time exposure to mastitis causing organisms, which may confound interpretation of the relationship between mastitis measured later in life and SCS. Furthermore, unlike clinical mastitis, IMI at first parturition can be measured objectively.
If daughters of sires that transmit lower SCS have higher incidence of IMI at first parturition, then lower SCS may be an indicator of inadequate immune response to invading pathogens. However, if daughters of sires that transmit lower SCS have lower incidence of IMI at first parturition, then lower SCS may indicate the ability to either prevent mastitis pathogens from entering the udder or keep them from surviving long enough to multiply. Even if the preceding were true, it is possible that selection for lower SCS may not improve resistance to mastitis from every organism because the etiology of each mastitis-causing organism is different (National Mastitis Council, 1996; Shook, 1993) . Therefore, the objectives of this study were to estimate the heritability of IMI at first parturition from the most prevalent organism groups and determine the relationships among daughter IMI at first parturition from these organisms and sire transmitting abilities for SCS, udder type traits, PL, and protein yield. 
MATERIALS AND METHODS

Data
Initially, the data set included culture results for quarter samples collected near first parturition from 1051 Holstein cows in nine herds (eight in Pennsylvania and one in Nebraska). Culture results for 14 cows that had an unknown sire and 10 cows that did not have any uncontaminated quarter samples were removed from the initial data set. If zero to three organisms were detected in a quarter sample, it was classified as uncontaminated. Detection of more than three organisms in a quarter sample indicates that aseptic collection procedures were not followed. Culture results were also removed from the data set for four cows that calved before 22 mo of age and 12 cows that calved after 33 mo of age because these animals may have experienced an atypical environment. Culture results were also deleted for 53 cows that did not have quarter samples collected within 4 d before or after calving. Culture results from cows that had quarter samples collected more than 4 d after calving were not considered because of the increased chance that any organisms detected had been introduced to the udder as a result of milkingtime exposure. Culture results from cows that had quarter samples collected more than 4 d prior to calving were not considered due to a lack of contemporaries. The final data set (after edits) included culture results for quarter samples collected near first parturition from 958 cows. Approximately 79% of the quarter samples in the final data set were collected on the day of calving or within the first 2 d thereafter, and only 1% were collected before calving.
Research technicians taught herdsmen the techniques for avoiding contamination when collecting milk samples. Research technicians also made weekly visits to the Pennsylvania herds to ensure that the study protocol was being followed. Quarter samples were frozen and transported weekly to diagnostic laboratories in Pennsylvania and Nebraska for culturing following procedures described previously (Nash, 1999) .
Analyses
Two dependent variables were constructed. A binary variable denoted incidence of IMI at first parturition (IIN) by assigning 0 to cows that did not have IMI and 1 to those that did. There were cows that had one to three contaminated or missing quarter samples, but did not have any bacteriologically positive and uncontaminated quarter samples. These cows were not considered to have IMI at first parturition. The proportion of quarters infected per cow at first parturition (PQI) was calculated as the number of infected quarters per cow divided by the number of uncontaminated quarters per cow. Possible values for PQI are in Table 1 .
Both IIN and PQI were regressed on herd-season of calving (a classification variable), age at first calving, DIM at sample collection, and sire transmitting abilities for SCS, udder type traits, PL, and protein yield taken one at a time. When PQI was the dependent variable, linear and quadratic effects were estimated for each of the transmitting abilities using the GLM procedure of SAS (SAS Inst., Inc., 1995b) . Cubic effects were also estimated for PTA for SCS. When IIN was the dependent variable, odds ratios were estimated for each of the transmitting abilities by using the PROBIT procedure of SAS (SAS Inst., Inc., 1995b) to perform logistic regression.
The relationships among IIN and sire transmitting abilities were investigated using logistic regression because, unlike linear regression, it is designed for analysis of data derived from a binomial distribution (Collett, 1991) . In addition, the predicted values obtained through linear regression are not restricted to values between zero and one (Collett, 1991) . The logistic transformation (the natural logarithm of the odds of a success) guarantees that the predicted values lie between zero and one (Collett, 1991) .
Before data on IMI at first parturition were collected, it was known that all heifers in one cooperating herd received an intramammary antibiotic infusion in each quarter 30 d prior to the expected calving date. Therefore, separate, pre-planned analyses were conducted on data from the herd that administered an intramammary antibiotic infusion before calving. Separate analyses were also conducted on dependent variables that considered IMI at first parturition from: all organisms, coagulase-negative staphylococci (CNS), coliform species, streptococci other than Streptococcus agalactiae (SNA), and the most common environmental organisms (coliform species and SNA). Forty-six quarters were infected with two organisms. These quarters were considered to have IMI from each organism when IMI from different organism groups were analyzed separately. No quarters were infected with three organisms.
The standardized transmitting abilities (STA) for udder type traits were not available for nine sires. Consequently, data from the 10 daughters of these sires were excluded when IIN or PQI were regressed on STA for udder type traits.
Separate estimates of the heritability of IIN and PQI from each of the organism groups described above were calculated from sire variances estimated using the AS-REML (Gilmour, 2001) program's implementation of the restricted maximum likelihood method. A normal linear model was assumed for PQI and a logistic model was assumed for IIN ). Both models included sire, herd-season of calving, age at first calving, and DIM at sample collection. Each model was a mixed model; sire was a random effect, all other independent variables were fixed effects. Sire and herdseason of calving were classification variables. Both models considered relationships among sires. Standard errors for the heritability estimates were calculated by ASREML (Gilmour, 2001) . Separate heritability estimates were calculated for data from the herd that administered an intramammary antibiotic infusion before calving. Only data from daughters of sires that had three or more progeny among the cows contributed by the cooperating herds were used to obtain heritability estimates. Table 2 contains the means, standard deviations, and ranges for IIN and PQI for the organism groups and herds described above. A total of 446 of 958 cows (47%) had IMI in 835 of 3463 uncontaminated quarters (24%) at first parturition. The CNS were detected in 358 cows (37%) and 606 quarters (17%). The SNA were detected in 107 cows (11%) and 134 quarters (4%). Coliform species (Escherichia coli and Klebsiella species) were detected in 61 cows (6%) and 69 quarters (2%). Gram positive bacilli were detected in 26 cows (3%) and 34 quarters (1%). All other organisms were detected in 31 cows (3%) and 36 quarters (1%), including 14 cows (1%) and 19 quarters (< 1%) that were infected with Staphylococcus aureus. Streptococcus agalactiae was not detected in any quarters. A total of 142 cows were infected with multiple organisms. Twenty-four quarters (< 1% of all quarters) were not sampled; no cows were missing milk samples for all quarters. A total of 345 quarters samples (9% of all quarters) classified as contaminated. Of the cows that had IMI at first parturition, 49% had one infected quarter, 24% had two infected quarters, 18% had three infected quarters, and 9% had four infected quarters. Nash (1999) determined that the incidence of IMI at first parturition as well as the types and relative proportions of organisms detected in infected quarters were similar to that found in other studies.
RESULTS AND DISCUSSION
Data
Seven of the cooperating herds were commercial herds (all in Pennsylvania), and two were university research herds. The herds used in this study were considered to be representative of most dairy herds. All cooperating herds contained only Holstein cows. The cooperating herds contributed between 26 and 523 cows each to the study; seven of the herds contributed 71 or fewer cows. In two of the herds, the incidence of IMI at first parturition among the cows contributed to the study was 32%. All heifers in one of these herds, the largest in the study (contributed 523 cows), received an intramammary antibiotic infusion in each quarter 30 d prior to the expected calving date. In the seven other herds, incidence of IMI at first parturition among the cows contributed to the study averaged 75% and ranged from 59% to 86%.
The average age at first calving for the 958 cows was 25 mo (SD = 2 mo), and the most frequently occurring age at first calving was 24 mo. Approximately 91% of the heifers calved for the first time between 23 and 27 mo of age.
Fourteen seasons of calving were defined, beginning in July, 1991 and ending in December, 1995. All seasons were 4 mo in duration (July through October, November through February, and March through June), except for the last, which ran from November through December, 1995.
The 958 cows were sired by 182 Holstein bulls. The PTA and STA from the USDA Sire Summary of November, 1997 November, (1997 and Holstein Association USA (1997) are summarized for these sires in Table 3 . The mean number of daughters per sire was 5.3 and the mode was one daughter per sire. One bull had 156 daughters (16% of the cows) in the cooperating herds. Another bull had 134 daughters (14% of the cows). All other sires had no more than 56 daughters each. One hundred twenty-three sires had two or fewer daughters each. One hundred thirty-nine sires had one or more daughters that had IMI at first parturition. The standardized transmitting abilities for udder type traits were not available for nine sires.
The two bulls with the most daughters sired approximately 30% of the daughters in the data set. However, 148 of the 156 daughters of the sire with the most daughters were owned by the herd that administered an intramammary antibiotic infusion before calving. Likewise, 127 of the 134 daughters of the sire that had the second most daughters were owned by this herd. Consequently, the effect of these bulls were limited to the analyses that included only the data from the herd that administered an intramammary antibiotic infusion before calving. The results of the analyses of the data from the herds that did not administer an intramammary antibiotic infusion before calving should not have been impacted by these two sires because the number of daughters from each was in line with the number of daughters from other sires in these herds.
Heritability of IMI at First Parturition
When data from the herd that administered an intramammary antibiotic infusion before calving were used, heritability estimates were obtained using data from 515 daughters of 17 sires. When data from the herds that did not administer an intramammary antibiotic infusion before calving were used, data from 268 daughters of 48 sires were used to obtain heritability estimates. Twenty-five sires had three to four daughters in the herds that did not administer an intramammary antibiotic infusion before calving; 16 of these 25 sires were used in only one herd, none were used in more than three herds (Figure 1 ). Twenty-three sires had five or more daughters in the herds that did not administer an intramammary antibiotic infusion before calving; 16 of these 23 sires were used in at least two herds, two were used in five or more herds (Figure 1) . Table 4 contains estimates of the heritability of IIN and PQI by organism group. Estimates of the heritability of IIN are adjusted to the underlying scale. The variance of a standard logistic distribution is π 2 /3 = 3.289 heritability of IIN were adjusted to the underlying scale using the following formula: h 2 adjusted = (4 × sire variance)/(sire variance + (residual variance × 3.289)) . Estimates of the heritability of IIN ranged from 0.00 to > 1.00, and estimates of the heritability of PQI ranged from 0.00 to 0.48.
Few estimates of the heritabilty of IMI exist in the literature. Detilleux et al. (1995) used data from 137 cows to estimate the heritability of IMI near first parturition to be about 0.12. Estimates of the heritability of IMI measured throughout lactation in primiparous and multiparous cows have ranged from 0.00 to 0.20, most estimates have been less than 0.05 (Young et al., 1960; Schmidt and Van Vleck, 1965; Weller et al., 1992 ).
In the current study, heritability estimates may have varied for IIN from different organism groups because the heritability of a binary trait (like IIN) is a function of its incidence (Dempster and Lerner, 1950) . This characteristic of binary traits may also explain the variation in estimates of the heritability of IMI between studies.
Relationships among IMI at First Parturition and Sire Transmitting Abilities
Tables 5 and 6 contain the odds ratios, regression coefficients, and standard errors obtained when logistic Figure 1 . Distribution of the 48 sires that had at least three daughters across the herds that did not administer an intramammary antibiotic infusion before calving. regression was used to regress IIN on PTA and STA. The regression coefficients and standard errors from regressing PQI on the linear effects of PTA and STA are in Table 7 . Raw regression coefficients are reported first in each table, followed by standardized coefficients in parentheses. Odds ratios were calculated from the raw regression coefficients. Standardized regression coefficients were calculated using the following formula: standardized coefficient = raw coefficient × (SD x /SD y ) (Neter et al., 1990) , where SD x is the standard deviation of each PTA or STA and SD y is the standard deviation of IIN or PQI. Standardized regression coefficients are reported, per one reviewer's suggestion, to allow readers to compare the relative importance of each trait. Tables 5 and 7 summarize the logistic and linear regression analyses that used data from the herds that did not administer an intramammary antibiotic infusion before calving. Table 6 summarizes the logistic regression analyses that used data from the herd that administered an intramammary antibiotic infusion before calving. The linear regression analyses that used data from the herd that administered an intramammary antibiotic infusion before calving are summarized in the text. The quadratic effects of PTA and STA obtained for all data sets are summarized in the text as well.
PTA for SCS. When analyses were conducted using data from the herds that did not administer an intramammary antibiotic infusion before calving (Table 5) , the PTA for SCS was a significant (P ≤ 0.05) predictor of IIN when all organisms, CNS, SNA, or the most common environmental organisms were considered. The odds ratios calculated from the significant logistic regression coefficients for PTA for SCS were > 1. The ratio of odds for a one unit change in an explanatory variable is obtained by exponentiating the regression coefficient from logistic regression (SAS Inst., Inc., 1995a). Odds ratios can be calculated only if the explanatory variable does not interact with any other variable and is represented by one term in the model (SAS Inst., Inc., 1995a). Odds ratios that are > 1 (< 1) indicate that the odds of an event increase (decrease) as the explanatory variable increases by one unit (SAS Inst., Inc., 1995a). For example, the odds ratio for PTA for SCS was 36.90 when IIN (in the herds that did not administer an intramammary antibiotic infusion before calving) from all organisms were considered ( Table 5 ). The interpretation of this value is that the odds of a daughter having IMI at first parturition are 36.90 times higher for a one unit increase in sire PTA for SCS. Similar interpretations apply to other odds ratios in Tables 5 and 6 .
If the odds ratio for a change in an independent variable of other than one unit is of interest, it can be calculated by exponentiating the product of the regression coefficient and the number of units of interest (SAS Inst., Inc., 1995a). For example, the range in PTA for SCS in this study was 0.96 (see Table 3 ) and the regression coefficient was 3.61 when IIN (in the herds that did not administer an intramammary antibiotic infusion before calving) from all organisms were considered (Table 5). Therefore, daughters of the sire that transmits the highest SCS would be e (0.96 × 3.61) = 32.00 times more likely to have IMI at first parturition than daughters of the sire that transmits the lowest SCS.
When data from the herds that did not administer an intramammary antibiotic infusion before calving were analyzed (Table 7) , regressions of PQI on the linear Table 5 . Logistic regression of daughter intramammary infection incidence at first parturition (binary variable) on sire transmitting abilities by organism group, data from the herds that did not administer an intramammary antibiotic infusion before calving. Raw regression coefficients reported first, followed by standardized coefficients in parentheses. Odds ratios were calculated from raw regression coefficients. Standardized regression coefficients were calculated using the following formula: standardized coefficient = raw coefficient * (SD x /SD y ), where SD x is the standard deviation of each transmitting ability and SD y is the standard deviation of intramammary infection incidence.
6
Standard errors reported for raw regression coefficients only. *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001. effect of PTA for SCS were significant (P ≤ 0.05) when all organisms, CNS, SNA, or the most common environmental organisms were considered. The significant regression coefficients were positive, indicating that daughters of sires that transmit higher SCS had higher PQI.
For the most part, the PTA for SCS was not a significant predictor of IIN or PQI when data from the herd that administered an intramammary antibiotic infusion before calving were analyzed. The PTA for SCS was not a significant predictor of IIN from any organism group (Table 6 ). Furthermore, the linear effect of PTA for SCS was a significant predictor of PQI only when the most common environmental organisms were considered (regression coefficient = −0.0344, SE = 0.0160, P ≤ 0.05). The regression coefficient was negative, indicating that daughters of sires that transmit higher SCS had lower PQI when the most common environmental organisms were considered.
The preceding results may be attributed to the herd's practice of giving all heifers an intramammary antibiotic infusion in each quarter 30 d prior to the expected calving date. This practice has been shown to reduce incidence of IMI at first parturition (Oliver et al., 1992 ). In the current study, intramammary antibiotic infusion 30 d prior to the expected calving date may have lowered the incidence of IMI at first parturition among the daughters of the sire that had the highest PTA for SCS (3.72) and the second most daughters (134). One hundred and twenty-seven of this sire's daughters were owned by the herd that administered an intramammary antibiotic infusion before calving, only 38 (30%) had IMI at first parturition though. Conversely, six of the seven daughters (86%) of this sire that were owned by Table 6 . Logistic regression of daughter intramammary infection incidence at first parturition (binary variable) on sire transmitting abilities by organism group, data from the herd that administered an intramammary antibiotic infusion before calving. Raw regression coefficients reported first, followed by standardized coefficients in parentheses. Odds ratios were calculated from raw regression coefficients. Standardized regression coefficients were calculated using the following formula: standardized coefficient = raw coefficient * (SD x /SD y ), where SD x is the standard deviation of each transmitting ability and SD y is the standard deviation of intramammary infection incidence.
Standard errors reported for raw regression coefficients only. *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001. the herds that did not administer an intramammary antibiotic infusion before calving had IMI at first parturition.
The quadratic effect of PTA for SCS (regression coefficients and standard errors not shown) was not a significant predictor of PQI from any organism group, regardless of which herds were considered. Likewise, the cubic effect of PTA for SCS (regression coefficients and standard errors not shown) was not a significant predictor of PQI from any organism group, regardless of which herds were considered.
These results do not support the theory that selection for the lowest SCS will result in dairy cattle that are unable to respond to infection. If such were the case, the lowest SCS would be associated with higher incidence of IMI at first parturition, and an intermediate SCS would provide optimal resistance to mastitis. This theory stems from the results of experimental challenge stud- ies, which indicated that elevated SCC prior to infusion protects against infection by mastitis causing organisms (Kehrli and Shuster, 1994) .
Results of studies that examined the association between clinical mastitis and SCS also refute the theory that selection for the lowest SCS will result in dairy cattle that are unable to respond to infection. One study that regressed genetic evaluations for clinical mastitis on SCS evaluations detected no evidence of a non-linear effect (Philipsson et al., 1995) . Another found a quadratic effect that indicated that the sires with the lowest genetic evaluations for SCS also had the most favorable evaluations for clinical mastitis (Rogers et al., 1998) . Research conducted on a population which included some of the cows used in the current study concluded that daughters of sires that transmit the lowest SCS had the lowest number of clinical episodes per lactation and the least severe, shortest lasting clinical episodes Table 7 . Linear regression of the proportion of quarters infected per cow at first parturition on sire transmitting abilities by organism group, data from the herds that did not administer an intramammary antibiotic infusion before calving. Raw regression coefficients reported first, followed by standardized coefficients in parentheses. Standard errors reported for raw regression coefficients only. Standardized regression coefficients were calculated using the following formula: standardized coefficient = raw coefficient * (SD x /SD y ), where SD x is the standard deviation of each transmitting ability and SD y is the standard deviation of the proportion of quarters infected per cow. *P ≤ 0.05. **P ≤ 0.01. ***P ≤ 0.001.
from environmental organisms during first lactation (Nash et al., 2000; Nash et al., 2002) .
The findings of the current study, with regard to the association between IMI and SCS, are supported by previous research. Estimates of the genetic correlation between IMI (measured throughout lactation in primiparous and multiparous cows) and SCS averaged 0.52 and ranged from 0.24 to 0.99 (Coffey et al., 1986; Weller et al., 1992; Young et al., 1960) , indicating that higher SCS is associated with more IMI. Estimates of the correlation between sire transmitting abilities for SCS and daughter IMI (measured throughout lactation) were also positive (Coffey et al., 1986) . Detilleux et al. (1995) calving and approximately 30 d before and after parturition. However, SCS was not strongly associated with IMI measured at these times. Estimates of the correlation between cows' breeding values for SCS and IMI during the periparturient period from major and minor pathogens were small (−0.08 and 0.06, respectively). These correlation estimates were subject to large sampling errors though because the study included only 137 cows (approximately 55% of which were primiparous).
Because mastitis from environmental organisms is generally of shorter duration than mastitis from contagious organisms (National Mastitis Council, 1996) , monthly SCC measurement (the current practice in the US) may not detect elevated SCC due to mastitis from environmental organisms. Therefore, Shook (1993) hypothesized that selection for lower SCS may not improve resistance to mastitis from environmental organ-isms. However, in the current study, daughters of sires that transmit higher SCS had higher IIN and PQI from all organism groups considered. These results indicate that selection for lower SCS may reduce the incidence of IMI at first parturition caused by environmental organisms or CNS. The effect of selection for lower SCS on the incidence of IMI at first parturition from other organisms (including contagious) could not be predicted because IMI caused by these organisms were not prevalent enough.
It is hypothesized that daughters of sires that transmit higher SCS had higher IIN and PQI from environmental organisms because exposure to these organisms occurs daily and the less resistant cows may become infected more often or take longer to eliminate IMI. As a result, the less resistant cows may be more likely to have elevated SCC on the day it is measured despite the relatively short duration of mastitis caused by environmental organisms.
STA for udder type traits. The linear effect of the STA for rear udder height was a significant predictor of PQI (in the herd that administered an intramammary antibiotic infusion before calving) when the most common environmental organisms were considered (regression coefficient = 0.00996, SE = 0.00500, P ≤ 0.05). The regression coefficient was positive, indicating that daughters of sires that transmitted lower rear udders had higher PQI when the most common environmental organisms were considered. Other studies have not found a consistent relationship between udder health and rear udder height. Both higher and lower rear udders have been associated with higher SCC and increased clinical mastitis (Rogers et al., 1991; Rogers et al., 1998) . This indicates that associations between measures of udder health (such as PQI) and rear udder height may not have a biological basis.
Deeper udders, shallower udder cleft, and weakly attached fore udders have been associated with higher SCC and increased clinical mastitis (Seykora and McDaniel, 1986; Rogers et al., 1991; Rogers et al., 1998) . However, the STA for udder depth, udder cleft, and fore udder attachment were not significant predictors of IIN or PQI from any organism group, regardless of which herds were considered.
The STA for front teat placement was a significant (P ≤ 0.05) predictor of IIN (in the herds that did not administer an intramammary antibiotic infusion before calving) when coliform species were considered (Table  5) . Likewise, the linear effect of the STA for front teat placement was a significant predictor of PQI (in the herds that did not administer an intramammary antibiotic infusion before calving) when coliform species were considered (Table 7 ). The odds ratio was < 1 and the significant regression coefficient for the linear effect was negative, indicating that daughters of sires that transmit widely spaced front teats had higher IIN and PQI when coliform species were considered. In addition, the quadratic effect of the STA for front teat placement was a significant predictor of PQI (in the herd that administered an intramammary antibiotic infusion before calving) when CNS were considered (regression coefficient = −0.0106, SE = 0.00472, P ≤ 0.05). When plotted, the quadratic effect indicated that daughters of sires that transmit widely spaced front teats had higher PQI when CNS were considered. Widely spaced front teats have also been associated with higher SCC and increased clinical mastitis (Seykora and McDaniel, 1986; Rogers et al., 1991; Rogers et al., 1998) .
The linear effect of the STA for teat length was a significant predictor of PQI (in the herds that did not administer an intramammary antibiotic infusion before calving) when coliform species were considered (Table  7 ). In addition, the quadratic effect of the STA for teat length was a significant predictor of PQI (in the herd that administered an intramammary antibiotic infusion before calving) when SNA or the most common environmental organisms were considered (SNA: regression coefficient = 0.00301, SE = 0.00148, P ≤ 0.05; environmental organisms: regression coefficient = 0.00417, SE = 0.00173, P ≤ 0.05). The significant regression coefficient for the linear effect was positive, indicating that daughters of sires that transmit longer teats had higher PQI when coliform species were considered. When plotted, the quadratic effect indicated that daughters of sires that transmit longer teats had higher PQI when SNA or the most common environmental organisms were considered. Longer teats have also been associated with higher SCC and increased clinical mastitis (Seykora and McDaniel, 1986; Rogers et al., 1991; Rogers et al., 1998) .
PTA for PL. The PTA for PL was a significant (P ≤ 0.05) predictor of IIN (in the herds that did not administer an intramammary antibiotic infusion before calving) when all organisms or CNS were considered (Table  5 ). The linear effect of PTA for PL was a significant predictor of PQI (in the herds that did not administer an intramammary antibiotic infusion before calving) when all organisms were considered ( Table 7 ). The quadratic effect of PTA for PL was not a significant predictor of PQI from any organism group, regardless of which herds were considered. The odds ratios calculated from significant logistic regression coefficients were < 1 and the significant regression coefficient for the linear effect were negative, indicating that daughters of sires that transmit longer PL had lower IIN and PQI. Longer PL has also been associated with lower SCC and decreased clinical mastitis (Rogers et al., 1998) .
PTA for protein yield. The PTA for protein yield was not a significant predictor of IIN or PQI from any organism group, regardless of which herds were considered. However, higher yield has been associated with increased clinical mastitis and higher SCC (Emanuelson et al., 1988; Pösö and Mä ntysaari, 1996; Rogers et al., 1998; Seykora and McDaniel, 1986; Weller et al., 1992) .
CONCLUSIONS
Estimates of the heritability of IMI at first parturition were inconclusive. However, daughters of sires that transmit higher SCS had higher incidence of IMI at first parturition and a higher proportion of quarters infected from all organism groups considered, including IMI from all organisms. The proportion of quarters infected per cow at first parturition was linearly associated with PTA for SCS. Daughters of sires that transmit the lowest SCS had the lowest proportion of quarters infected. Therefore, selection for lower SCS may reduce the incidence of IMI at first parturition but not the ability to respond to infection. In particular, these results suggest that selection for lower SCS may reduce IMI at first parturition from environmental organisms and coagulase-negative staphylococci. The effect of selection for lower SCS on the incidence of IMI at first parturition from other organisms (including contagious) could not be predicted because IMI caused by these organisms were not prevalent in this study.
Daughters of sires that transmit longer productive life, shorter teats, and closely spaced front teats had either lower incidence of IMI at first parturition or a lower proportion of quarters infected. Therefore, selection for longer productive life, shorter teats, or closely spaced front teats may reduce the incidence of IMI at first parturition.
